The rice blast fungus Magnaporthe oryzae (syn. Pyricularia oryzae) causes the most damaging 9 rice disease. Yet, little is known about the genetic makeup of this important system for plant 10 pathology. Using whole genome resequencing of a worldwide collection of isolates, we identified 11 four major M. oryzae lineages mainly associated with japonica or indica rice, including one 12 pandemic lineage on each rice subspecies. Tip-dating calibration indicated that M. oryzae lineages 13 separated about a millenium ago, much later than the initial domestication of rice. The major 14 lineage endemic to Southeast continental Asia displayed signatures of sexual recombination and 15 evidence for having received DNA from multiple lineages. Tests of weak selection revealed that 16 the pandemic spread of clonal lineages entailed an evolutionary 'cost', in terms of an accumulation 17 of deleterious mutations. Our work reveals the coexistence of multiple endemic and pandemic 18 lineages with contrasting population and genetic characteristics within a widely distributed 19 pathogen.
Introduction
respectively) than in lineages 2 and 3 (D=-1.45 and D=-1.72). Lineages 5 and 6 were not included in calculations because of too small a sample size (n=2 and n=1, degree of departure from neutrality, was above 1, indicating an excess of amino acid mutations during divergence from the Setaria-infecting lineage. Under near neutrality, the ratio of The π N /π S ratios ranged from 0.43 in lineage 1 to 0.61 in lineage 4, and were intermediate in 140 lineages 2 and 3 (π N /π S =0.49), and the ratio of non-sense (i.e premature stop codons) to sense 141 non-synonymous mutations (P nonsense /P sense ) followed the same pattern. Altogether, π N /π S and 142 P nonsense /P sense ratios suggest a greater proportion of slightly deleterious mutations segregating in 143 lineage 4, and to a lesser extent in lineages 2 and 3, than in lineage 1. Assuming identical mutation 144 rates, one can also estimate that the long-term population size of lineage 1 (π S =0.00018/bp) was 145 2.5 to 3 times higher than other lineages, consistent with the N e effect on the efficacy of negative 146 selection predicted under near neutrality.
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183
The success of infection (binary response) was analyzed using a generalized linear model.
184
Analysis of the proportion of compatible interactions revealed significant effects of rice subspecies, 185 pathogen lineage and the interaction between them ( Figure 2A ).
203
Major resistance (R) genes can be a major determinant of pathogen host range, and promote 204 divergence among pathogen lineages by exerting strong divergent selection on a limited number of 205 pathogenicity-related genes [40] [41] [42] . To investigate the possible role of major resistance (R) genes 206 in the observed differences in compatibility between rice subspecies and pathogen lineages, we 207 challenged 19 differential varieties with the 46 isolates assigned to lineages 1 to 4. Analysis of the 208 number of R genes overcome revealed a significant effect of pathogen lineage (Table S5 ). This 209 effect was mostly driven by lineage 2, which could overcome fewer R genes than other lineages 210 (Table S5 ; Figure 2B ).
211
Recombination within and between lineages. To visualize evolutionary relationships while 212 taking into account the possibility of recombination within or between lineages, we used the 213 phylogenetic network approach neighbor-net as implemented in SPLITSTREE 4.13 [43] . This method 214 allows visualizing conflicting phylogenetic signals, indicated by the presence of reticulations in the 9
There was greater reticulation of the network between lineages 1, 5 or 6 and the other lineages than among these other lineages themselves, the presumed consequence of higher levels of shorter for lineages 2 to 4 than for lineage 1, consistent with the lower levels of variability detected 222 in these lineages. 
223

230
To further study the amount of recombination within lineages, we estimated the population 231 recombination parameter (rho=2N e r) and tested for the presence of recombination using a 232 likelihood permutation test implemented in the PAIRWISE program in LDHAT. Recombination 233 analyses confirmed the heterogeneity across lineages in the contribution of recombination to 234 genomic variation, with recombination rates averaged across chromosomes being more than two 235 to three orders of magnitude higher in lineage 1 (10.57 crossovers/Mb/generation) than in other recombination using the PHI test were consistent with this pattern (Table 3 ; Figure 3 ; Figure S1 ). 
255
To gain insight into the genomic impact of recombination, we analyzed patterns of linkage 256 disequilibrium (LD), which represents the tendency for different alleles to co-occur non-randomly.
257
For lineage 1, LD decayed smoothly with physical distance, reaching half of its maximum value at 258 about 10 kb, while for lineages 2, 3 and 4, no pattern of LD decay was observed ( Figure S2 ).
259
These analyses also revealed that background LD levels were not higher in lineage 2, 3, or 4, 260 which appear to be largely clonal, than in lineage 1. However, both simulation work and empirical 261 data have shown that population history, including bottlenecks or admixture, have a strong impact
We scanned the genomes for mutations exchanged among lineages using a method based on lineage-diagnostic SNPs and a probabilistic method of 'chromosome painting' (Figure 4 ). In the each focal isolate is then added back to the dataset and scanned for the presence of lineage-269 diagnostic SNPs identified in lineages that are not its lineage of origin. Using this approach, we 
282
The sets of putative migrant mutations identified using the two methods matched different sets of 283 genes that showed enrichment in NOD-like Receptors [47], HET-domain genes [48] or the GO 284 term 'lipid catabolic process' (Table S6 ). However, the presence of false positive caused by the 285 random sorting of ancestral polymorphism in lineage 1 and other lineages cannot be excluded. To
286
reduce the impact of the retention of ancestral mutations, we reasoned that series of adjacent 287 mutations are more likely to represent genuine genetic exchange events. We identified all genomic 288 regions defined by three adjacent putative migrant mutations stemming from the same donor 289 lineage. We searched for such mutations in the set of putative migrant mutations identified by the 290 two methods. In total we identified 12 such regions, matching 1917 genes. Functional enrichment isolate CH999, GO term 'phosphatidylinositol biosynthetic process' for isolate TH17 and GO term 293 'telomere maintenance' for isolate CH1019 (Table S6 ).
294
Molecular dating. To investigate the timing of rice blast emergence and diversification, we 295 performed Bayesian phylogenetic analyses using BEAST. Isolates were collected from 1967 to 296 2009 (Table S1) , which allowed us to use a tip-based calibration approach to coestimate 297 evolutionary rates and ancestral divergence times. Fitting a linear regression between the age of 298 samples and their root-to-tip distance (i.e. the number of substitution separating each sample from 299 the hypothetical ancestor at the root of the tree) revealed enough temporal signal to perform 300 thorough tip-dating inferences ( Figure S3 ) [49] . We therefore used tip-dating to estimate jointly the 301 rate at which mutations accumulate (i.e. the substitution rate) and the age of every node in the tree 302 including the root (i.e. time to the most recent common ancestor). At the genome scale, the 303 average substitution rate estimate was 1.98e-8 substitution/site/year ( Figure S3 ). We inferred that 304 the ancestor of rice-infecting and Setaria-infecting lineages lived ~14,000 years before present 305 (ybp) but credibility intervals were relatively large (95% HPD [6500-30,000] ybp). The six rice-306 infecting lineages were estimated to have diversified ~900 to ~1300 ybp (95% HPD 307 ybp) ( Figure 5 ). Bootstrap node support were high and similar node age estimates were obtained 308 when excluding recombining lineage 1 and potentially recombining lineages 5 and 6 (not shown),
309
indicating that recombination has limited effect on our inferences.
310
Discussion
311
We have performed a whole-genome sequence analysis of time-and space-distributed samples to 
486
exonic SNPs: GTR) and was used henceforth. Nodes age were then estimated using this optimal 487 partitioning scheme. Rate variation among sites was modeled with a discrete gamma distribution variation among lineages. To minimize prior assumptions about demographic history, we adopted an extended Bayesian skyline plot approach in order to integrate data over different coalescent study on the wheat fungal pathogen Puccinia striiformis f.sp tritici. 726 Table S1 . Isolates and genome sequencing information 727 
